Introduction: The use of human recombinant activated protein C (rhAPC) for the treatment of severe sepsis remains controversial despite multiple reported trials. The efficacy of rhAPC remains a matter of dispute. We hypothesized that patients with septic shock who were treated with rhAPC had an improved in-hospital mortality compared to patients with septic shock with similar acuity who did not receive rhAPC.
Introduction
In the United States alone, approximately 750,000 cases of sepsis occur each year, of which at least 225,000 are fatal. One study evaluating the epidemiology of sepsis between 1979 and 2000 showed an 8.7% increase in the annual incidence of sepsis. The cost of management of a septic patient is approximately $50,000 amounting to annual costs estimated at $17 billion. Sepsis is the second leading cause of death in noncoronary Intensive Care Units (ICUs), and the 10 th leading cause of death overall. Organ failure occurs in 33.6% of patients with sepsis. Severe sepsis carries an estimated 30 to 50% mortality. Seventy percent of patients with three or more organ failures die. Those who survive severe sepsis have a lower quality of life compared to the age-and gender-adjusted general population, as much as 1.5 years later [1] [2] [3] [4] [5] [6] [7] .
Sepsis is a complex syndrome that remains incompletely understood. It has proven very difficult to tailor new therapies for severe sepsis. One such potential therapy is Recombinant Human Activated Protein C (rhAPC). The use of rhAPC for the treatment of severe sepsis remains controversial despite multiple reported trials [8] [9] [10] [11] [12] [13] . The Prospective Recombinant Human Activated Protein C Worldwide Evaluation in Severe Sepsis (PROWESS) trial reported a 6% absolute reduction in mortality together with a 1.5% absolute increase in the risk of serious bleeding in patients receiving rhAPC compared to those receiving placebo [8] . In a subgroup analysis of the PRO-WESS trial, patients with higher risk of death had a larger drop in hospital mortality compared to patients with a lower risk of death. In patients with Acute Physiologic and Chronic Health Evaluation II (APACHE II) score >25, hospital mortality dropped from 47.9% to 36.7% (P = 0.002) with rhAPC treatment [9] . In patients with three, four, or five organ failures, hospital mortality dropped from 37.0% to 30.5%, 50.1% to 44.9%, and 63.3% to 32.5%, respectively [9] . In contrast, a subsequent trial suggested that patients with lower mortality risk did not benefit [10] . Widespread clinical use of rhAPC has likely also been limited by its cost estimated at $7,500 to $9,000 per course of therapy [14] [15] [16] .
Two large multicenter trials evaluating the effect of rhAPC in septic shock patients are currently underway [17, 18] . We examined the association between rhAPC and outcomes in septic shock patients in our institution, with the hypothesis that patients with septic shock who were treated with rhAPC had an improved in-hospital mortality compared to patients with septic shock with similar acuity who did not receive rhAPC.
Materials and methods

Subjects
This investigation is a retrospective cohort study of patients admitted to a large university affiliated hospital with 56 medical-surgical intensive care unit (ICU) beds, between July 2003 and February 2009. Data were obtained from a large, multiinstitutional, critical care patient data set (Project Impact Critical Care Data System). Project IMPACT (PI) is a comprehensive database system developed to measure and describe the care of ICU patients. Developed by a multidisciplinary group of critical care expert members of the Society of Critical Care Medicine, this system allows practitioners to quantify practice patterns and patient outcomes and compare them with those of similar ICUs. Personnel at >100 ICUs at multiple participating hospitals enter information for >100 defined patient data elements into the PI software. Data elements include patient demographics, treatment, outcomes, complications, and resource utilization. On a quarterly basis, data from all hospitals are merged into the PI central database. Reports are then generated that include both summary and individual hospital data. Specifically, data on age, height, ICU admission weight, gender, comorbidities, organ failures, and ICU and hospital LOS were collected. PI data at our institution were collected by experienced registered ICU nurses (more than 16 years experience). Additional data elements were collected from the patients' electronic medical records.
Patients were included if they were 18 years of age or older, had a principal diagnosis of sepsis as defined by the 1992 SCCM/ACCP consensus conference definition [19] , admitted to the ICU, and if they developed systolic blood pressure less than 90 mmHg, not responding to appropriate fluid resuscitation, and requiring vasopressors to maintain mean arterial pressure greater than or equal to 65 mmHG [19] . All sepsis patients in our institution are managed based on current sepsis management guidelines [20, 21] .
Baseline characteristics including demographic information and information about preexisting conditions, organ function/failure, infection, and pertinent medications were collected. APACHE II scores and sequential organ failure assessment (SOFA) scores were calculated. In all patients that received rhAPC, the infusion was started within 24 hours of development of septic shock. Presence or development of acute organ failures was documented. Organ failure definitions are shown in Table 1 . The conduction of this study was approved by the Institutional Review Board at St. John's Mercy Medical Center (Approval #10-084). The board waived the need for informed consent.
Outcomes
The primary outcome measure was in-hospital mortality. We also recorded complications, including the occurrence of intracranial hemorrhage, gastrointestinal hemorrhage, major transfusions, and minor transfusions. Major transfusion was defined as the administration of six or more units of red blood cells within two consecutive days or four or more units in any single day. Minor transfusion was defined as the administration of two or three units of packed red blood cells in a single day. ICU-specific outcomes included length of stay, number of days spent on vasopressors and number of days on mechanical ventilation. We also assessed hospital length of stay.
Analysis
Summary statistics were calculated for categorical and numeric data. For categorical data, frequencies and proportions (as percentages) are reported. For numeric data, means, standard deviations, medians and lower and upper quartiles are reported. Propensity for treatment with rhAPC was estimated by fitting a nonparsimonious logistic regression model containing 22 independent variables (Table 2 ). These variables were selected because they conceivably could bear on the choice to administer rhAPC. The c statistic was 0.75. The Hosmer-Lemeshow chi-square was 12.55 (df = 8), with a non-significant P-value of 0.13, which indicates the model is well-calibrated. Once the propensity scores were obtained, we used the recently described "fine balance" method of Rosenbaum, Ross, and Silber to produce 1:1 matched subjects [22] . Out of an overall number of 563 cases, we obtained 108 individuals treated with rhAPC matched to 108 control individuals not treated with rhAPC. Table 2 shows the characteristics of the treated and untreated matched subjects. No statistically significant differences were found, indicating that the matching process succeeded in identifying comparable pairs of individuals. All statistical tests took into account the paired nature of the data. There may be some differences between the overall cohort and the matched groups, but propensity matching has proved to be the best method for dealing with those differences. Table 3 shows the outcomes by treatment. All statistical tests took pairing into account, except for comparisons of lengths of stay and days on ventilator and vasopressors. These four comparisons were limited to survivors, which caused pairing to be broken.
Results
A total of 563 septic shock patients were included (110 received rhAPC and 453 did not). Treated and untreated groups were matched in patient characteristics, comorbidities, physiologic variables, organ failures, and APACHE II scores (Table 2) . Mean APACHE II scores were 24.5 for the matched treated and 23.9 for the matched untreated group (P = 0.54). In a 1:1 propensity-matched analysis, receipt of rhAPC was associated with reduced in-hospital mortality (35.2% vs. 53.8%, P = 0.005), similar mean days on vasopressors (2 vs. 2, P = 0.90), similar mean days on mechanical ventilation (9 vs. 8.7, P = 0.80), similar mean length of ICU stay in days (11.0 vs. 11.3, P = 0.9), and similar mean length of hospital stay in days (19.5 vs 27, P = 0.11). No patients in either group had intracranial bleeding. Differences in major transfusions (3.7% vs 9.3%, P = 0.09), minor transfusions (35.2% vs 41.7%, P = 0.27), any transfusion (minor and/or major, 38% vs 46.3%, P = 0.16) and gastrointestinal bleeding (2.8% vs 0%, P = 1.00) were not statistically significant (Table 3) .
Discussion
In this cohort propensity-matched analysis study, we found that patients with septic shock who were treated with rhAPC had a reduced in-hospital mortality compared with patients with septic shock with similar acuity who were not treated with rhAPC, with a relative risk reduction of 34.6%, and absolute risk reduction of 18.6%. This translates into a number needed to treat (NNT) to prevent a death of 5.4. We also found that the rate of bleeding in our cohort was similar to other published studies. In the major clinical trials, over the 28-day study period, serious bleeding events were observed in 3.5 to 6.5% of patients receiving rhAPC as compared with 2.0 to 5.0% of patients receiving the placebo [23] . Rates of intracranial hemorrhage were 0 to 1.5% with rhAPC as compared with 0 to 0.7% with the placebo.
The first large randomized trial studied a dose of 24 μg per kilogram of body weight per hour in the phase 3 PROWESS study [8] . This placebo-controlled, randomized, double-blind, multicenter trial included 1,690 patients. Treatment with rhAPC within 24 hours after diagnosis was associated with a mortality rate of 24.7% at 28 days versus 30.8% with placebo (P = 0.005). The overall incidence of at least one bleeding event was 24.9% in the treatment group and 17.7% in the placebo group (P = 0.001) [24] . The incidence of serious bleeding in the PROWESS study was also higher in the rhAPC group than in the placebo group (3.5% vs. 2.0%, P = 0.06). In subgroup analyses, most of the benefit of rhAPC treatment was seen in patients at increased risk for death, including those with APACHE II scores of 25 or greater. A follow-up study, the Administration of Drotrecogin Alfa (Activated) in Early Stage Severe Sepsis (ADDRESS) trial, evaluated the role of rhAPC in patients with severe sepsis, associated with either singleorgan failure or an APACHE II score below 25 [10] . The study was stopped, after enrolling 2,640 patients, because there was no indication of a positive effect. The 28-day rate of death from any cause was 18.5% in the rhAPC group and 17% in the placebo group (P = 0.34). The in-hospital mortality rate was 20.6% in the rhAPC group and 20.5% in the placebo group (P = 0.98). Serious bleeding occurred in 2.4% of patients receiving rhAPC and in 1.2% of patients receiving the placebo (P = 0.02) during the drug-infusion period. No significant difference was observed in the rate of intracranial hemorrhage (0.3% with rhAPC and 0.2% with the placebo) [10] . The efficacy of rhAPC in severe sepsis remains a matter of dispute. Some experts even criticized the Food and Drug Administration's decision to approve rhAPC [24] [25] [26] . The main criticisms were aimed at intercurrent changes made in the PROWESS protocol, among them the exclusion of participants who were thought to be likely to die within 28 days because of the severity of the underlying disease and the introduction of new cell lines for growing the rhAPC protein. The use of a subgroup analysis of data from a major trial to identify suitable candidates for treatment was also heavily criticized. Mackenzie, Carlet and others suggested that a general recommendation for the clinical use of rhAPC was premature or not justified [27, 28] . On the other hand, Surviving Sepsis Guidelines suggested the use of rhAPC for severe septic patients who have multiorgan failure or a high risk of death [21] . As a result, two large multicenter, randomized, double-blind trials investigating the use of rhAPC in septic shock are currently underway [17, 18] .
The patients in our trial had mortality rates higher than those observed in the PROWESS trial, possibly because we only studied septic shock patients that might be sicker than the patient population in PRO-WESS. In our study, we had fewer patients with single organ failure, a similar number of patients with two or three organ failures, but more patients with four or five organ failures than PROWESS. In our study, the more organ failures, the higher was the mortality in both groups. Across all organ failure subgroups (one, two, three, four, or five organ failure subgroups), in-hospital mortality was persistently higher in the group that did not receive rhAPC than the group that received rhAPC (data not shown). The higher relative risk reduction in mortality in our study (33.9% vs 13% in PROWESS) is likely due to the fact that rhAPC is most beneficial in the sickest septic shock patients, with multiple organ failures. The bleeding rate in our study was smaller than that observed in PROWESS, but similar to that observed in other major clinical trials [23] .
In our study, there was no difference between the matched treated and matched untreated groups in days on vasopressors, days on mechanical ventilation, length of ICU stay in days, and length of hospital stay in days (Table 3) . These findings are not surprising and are similar to those found in PROWESS [9] . This adds to the evidence that survivors of treated versus untreated groups look fairly similar, but more patients survived in the treated group. This also suggests that rhAPC improves hospital survival without the consumption of additional resources.
Our study is limited in that it is a retrospective analysis and that the number of patients is relatively small. However, this propensity analysis provides an estimate of the benefit of rhAPC in a natural hospital setting. . This could be explained by the possibility that treatment was preferentially directed toward patients thought to have a higher likelihood of meaningful survival, a lower risk of bleeding, or contraindication to rhAPC by the managing intensivist. However, it is not explained by differences in the types of patients receiving it versus not since we used all possible recorded pre-treatment variables. In addition, the 108 untreated patients are also candidates for rhAPC therapy in the sense that they have propensities to receive rhAPC that match the propensities of those 108 patients actually receiving rhAPC. There was also no evidence of a difference in any of the bleeding variables between the two groups ( Table 3) . Usage of rhAPC also depended upon whether the intensivist caring for the patient was critical or supportive of rhAPC. However, usage of rhAPC has remained constant over the study period, seen graphically and by non-significant hypothesis tests (t-test, Wilcoxon test and logistic regression all have P-values near 0.5). Our primary outcome measure was in-hospital mortality; we did not have access to longerterm outcomes, and, thus, our survival analyses assumed patients who were discharged alive from the hospital were in fact alive at Day 28. However, this study is made stronger by the propensity-matched analysis. Our primary outcome was in-hospital mortality, and rhAPC began to show its effect in the ICU (Table 3) . ICU mortality comes close to statistical significance with P = 0.09; however, if we make the test one-sided in the hypothesized direction, the P-value becomes 0.045. In-hospital mortality shows fuller statistical significance (which of course includes ICU mortality). A recent similar study conducted by Lindenauer et al. showed similar results [29] . In a propensity-matched sample in which all covariates achieved balance, receipt of rhAPC was associated with reduced hospital mortality (40.7% vs. 46.6%; risk ratio, 0.87; 95% confidence interval, 0.80 to 0.95). Four rhAPC-treated patients (0.25%) had hemorrhagic stroke, 107 (6.8%) had gastrointestinal bleeding, and five (0.3%) required major transfusion [29] . An important limitation of the study by Lindenauer et al. is that all the data on their patients were based on billing records, and not direct clinical measurements.
Conclusions
Patients with septic shock who were treated with rhAPC had a reduced in-hospital mortality compared with patients with septic shock with similar acuity who were not treated with rhAPC. In addition, time on mechanical ventilation, time on vasopressors, length of ICU stay and bleeding complications did not differ between the groups. Pending results from large multicenter studies evaluating rhAPC in septic shock patients, our analysis adds to the evidence that early initiation of rhAPC may improve survival of patients with septic shock who are at low risk of bleeding.
Key messages
• The efficacy of recombinant human activated protein C (rhAPC) in sepsis remains a matter of dispute.
• Pending results from two large multicenter, randomized, double-blind trials, we examined the association between treatment with rhAPC and outcomes among patients with septic shock in routine clinical practice in a large university-affiliated Intensive Care Unit.
• We performed a propensity-matched analysis, which equalizes the probability of receiving rhAPC, mimicking a randomized comparison.
• Patients with septic shock who were treated with rhAPC had reduced in-hospital mortality compared with patients with septic shock with similar acuity who were not treated with rhAPC, with no difference in complications.
• Our analysis provides an estimate of the benefit of rhAPC in septic shock patients in a natural hospital setting. 
